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EmiODUCHON 


Ammonium  dinitramide  (ADM)  is  an  oxidizer  which  has  potential  ^^plications  in 
aerospace  technology  (Borman,  1994),  therefore  the  biological  risk  assessment  of  this 
chemical  has  to  be  determined.  Based  on  its  chemical  nature  (SRI  International  1992)  the 
decomposition  of  ADN  should  yield  nitrogen-centered  radicals.  Biological  exposure  to  ADN 
may  alter  the  natural  balance  between  reactive  nitrogen  metabolites  (RNMs)  and  reactive 
o^gen  metabolites  (ROMs)  causing  oxidative  stress  in  cells.  Oxidative  stress  in  cells  can  be 
induced  by  metabolism  of  xenobiotics  or  by  radiation  through  similar  free  radical  pathways 
(Halliwell  and  Gutteridge,  1989).  Oxidative  stress  can  be  caused  by  ROMs  and  RNMs 
forming  peroxynitrite  (ONOO")  which  is  an  oxidizing  species  (Beckman  et  al  1990,  Radi  et  al 
1991a,b,  Carmichael  et  al  1993).  Knowledge  of  the  free  radical  decomposition  of  ADN  is 
necessary  to  characterize  its  possible  radical  pathways  in  biological  systems.  Direct  radiation 
effects  on  solids  are  known  to  generate  free  radicals  which  generally  correspond  to  the  free 
radical  decomposition  products  of  the  substance  (Swallow,  1973).  Therefore  radiation  can  be 
used  to  determine  the  free  radicals  in  ADN  which  could  possibly  be  formed  during  its 
decomposition  in  biological  systems.  The  decomposition  characteristics  and  chemical 
characteristics  of  ADN  powder  following  exposure  to  non-ionmng  and  ionizing  radiation  are 
currently  being  studied.  Electron  paramagnetic  resonance  (EPR)  spectroscopy  is  the  most 
powerful  method  for  directly  detecting  and  characteriting  free  radicals  (Wertz  and  Bolton 
1972,  Rice-Evans  et  al  1991).  EPR  was  used  to  determine  the  radiation  induced  free  radical 
products  of  ADN.  The  biolo^cal  implications  of  these  free  radicals  important  for  risk 


assessment  are  discussed. 


MATERIALS  and  METHODS 


Sample  preparation:  ADN  powder  50  mg  (SRI  International,  Menlo  Park,CA) 
was  irradiated  in  a  ®®Co  y-ray  field  at  a  dose  of  100  Gy  per  min,  receiving  a  total  dose  of 
2,500  Gy.  UV  radiation  of  ADN  was  carried  out  using  a  1000  W  Hg-Xe  arc  lamp. 

EPR  Apparatus:  The  EPR  experiments  were  performed  using  a  Bruker  ESP  300E 
spectrometer.  The  EPR  instrument  was  operated  at  a  magnetic  field  set  at  335  mT,  microwave 
fi’equency  about  9.41  GHz,  microwave  power  10  mW,  receiver  gain  2  x  10*,  modulation 
fi'equency  100  kHz,  modulation  amplitude  1  mT,  and  temperature  25“C. 

Electron-Nuclear  Double  Resonance  Apparatus:  The  electron-nuclear  double  resonance 
(ENDOR)  experiments  were  performed  using  a  Bruker  ER200  spectrometer. 


RESULTS 


The  ADN  powder  used  in  the  experiments  was  ofif-white  in  color  and  was  hydroscopic.  The 
physical  and  chemical  data  of  the  powder  is  shown  in  Table  1.  This  information  was  provided  by 
the  manufecturer  (SRI  International,  1992). 


Formula 

H4N4O4 

Names 

Ammonium  dinitramide,  ADN 

SRI-12 

Chemical  Famfly 

Oxidizer 

Melting  Point 

90*C 

Appearance 

Solid,  pale  yellow  to  white 

Vapor  Pressure  at  20®C 

0 

Solubility  in  water 

500  g/L 

Specific  Gravity 

~  1.8 

Table  I  rhomiral  and  nhvsical  nfonerties  of  ammonium  dinitramide  (SRI .  19921 


All  the  experiments  were  carried  out  at  25°C.  This  was  within  the  safety  margin  estimated  for 
these  experiments.  This  chemical  was  not  exposed  to  heat  because  preliminary  studies  showed  it 
is  only  stable  up  to  55“C. 


Figure  1  EPR  spectra  of  ammonium  dinitramide  foUowing  2.5  kGy  irradiation  in  a  ^Co  y- 
ray  Held.  (A)  £FR  spectra  immediately  following  irradiation.  (B)  EPR  spectra  20  h  after 
irradiation.  (C)  ENDOR  spectrum 


4 


Immediately  after  exposure  to  y-rays  the  chemical  produced  the  EPR  spectrum  shown  in  Figure 
1  A.  This  spectrum  shows  two  radical  species.  One  spedes  yields  an  EPR  spectrum  similar  to  the 
NHs*  radical  generated  after  irradiation  of  ammonium  perchlorate.  In  ADN  the  MI3*  radical  has 
an  approximate  lifetime  of  20  h.  The  second  spedes  in  Figure  2A  yields  an  EPR  spectrum 
consisting  of  a  broad  triplet  and  is  attributed  to  the  NO2*  free  radical.  In  ADN  this  radical  persists 
well  over  20  h.  Figure  2B  shows  the  EPR  spectrum  of  the  sample  20  h  later.  One  of  the  radicals 
which  was  prominent  immediately  after  irradiation  (NH3*)  decayed  over  the  20  h  period.  To 
verify  the  radicals  identified  by  EPR  a  preliminary  ENDOR  experiment  was  performed  on  y- 
irradiated  ADN  soon  after  irradiation.  Figure  1C.  The  ENDOR  spectrum  obtained  at  a  proton 
resonance  frequency  20.6  MHz  (calculation  below)  suggests  that  one  of  the  nitrogen  radical 
species  is  interacting  with  a  proton(s).  This  result  supports  the  EPR  assignment  of  the  NH3* 
radical.  Further  ENDOR  experiments  are  currently  being  performed  to  corroborate  the  results 
obtained  in  the  EPR  experiments. 


25GX2.8MHZ/G  =  70MHz 


HFC/2  ±nn<*H) 


35MHz±  14.4MHz 


35-14.4  =  20.6  MHz 


Data  of  the  ultraviolet  irradiation  of  ADN  was  presented  by  Dr  M.  D.  Pace  at  a  development  and 
characterization  of  new  energetic  materials  workshop  18-20  ^r  94  (Pace,  1994)  and  will  not  be 
shown  in  this  report. 
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DISCUSSION 


The  products  of  ADN  following  y-irradiation  indicate  that  ADN  can  decompose  to  RNMs. 

Recent  reviews  of  free  radical  mechanisms  in  physiological  and  pathological  conditions  indicate 
that  RNMs  play  an  important  physiological  role  (Grisham  1992,  Moncada  et  al  1992).  Reactions 
of  active  oxygen  and  nitrogen  species  have  been  sUuhed  by  EPR  and  spin  trapping  (Carmichael  et 
al  1993).  Rec^t  stucUes  by  Carmichael,  1994,  suggest  that  there  is  a  balance  between  ROMs  and 
RNMs  in  biological  systems.  Table  n  shows  proposed  pathways  in  which  the  decomposition 
products  of  ADN  can  react  in  biological  systems. 


(1)  2NH4^(N02)2  - 

(2)  NHa*  +  - 

(3)  NH4*  +  2  O2  - 

(4) NH4^ - 

(5)  02*  +  02*  +  2m' 


2NH3»+  4N02«  +  2H'’ +  N2 
NH4* 

N03'  +  H20  +  2Br 
C0(H2N)2 
2H2O2  O2 


(6)  Fe^*  +  H2O2 - 

(7)  N02«  +  •OH  - 

(8)  NCb'  +  3Fe^^  +  4H" 

(9)  H2O2  +  NO2"  +  H'^ 

(10) O2«"  +NO«  +H* 


Fe*’  +  •OH  +  OH“ 


NO3"  +  2H^ 

NO*  +  3Fe*’+  2H2O2 


ONOOH  +  H2O 


ONOOH 


(11)  ONOOH 

(12)  ONOOH 


•OH  +  N02« 
(ONOOH)* 


N03"  +  H" 


Table  H  The  proposed  interaction  of  decomposition  products  of  ammonium  dinitramide 
with  ROMs  and  RNMs  in  biological  systems. 


Equation  1  is  the  decomposition  products  of  ADN  foUowing  y-irradiation.  The  reactive  products 
are  NH3*,  ET,  and  NO2*.  NH3*  radicals  have  been  shown  to  be  stable  in  other  crystals 
(ammonium  perchlorate,  NEi4C104),  Carmichael  et  al.  manuscript  in  preparation.  However  these 
NH3*  radicals  in  ADN  disappear  over  a  20  h  period.  This  disappearance  is  not  at  the  expense  of 
the  NO2*  radical  species  which  remains  stable  (Pace  1994  a  ,b.  Pace  and  Carmichael  1994).  It  is 
therefore  possible  that  the  NH3*  radicals  are  reacting  with  a  to  reform  NH4*  (Equation  2).  In  a 
biological  system  NH4*  (Equation  2)  can  be  converted  to  nitrate  by  microorganisms  Equation  3) 
or  to  urea  by  mammals  through  the  ornithine  cycle  (Equation  4).  The  role  NO3'  plays  in  free 
radical  pathway  interactions  are  represented  by  Equations  5-12.  The  derivation  of  these  equations 
has  been  described  previously  (Carmichael  et  al.  1993).  The  progenitor  ROMs  and  RNMs  often 
react  by  forming  a  ONOO*  (Equation  9-12).  This  intermediate  when  protonated  either 
decomposes  into  OH*  and  NO2*,  Equation  1 1  (Carmichael  et  al  1993)  or  prior  to  decomposition, 
forms  an  activated  intermediate  which  reacts  with  similar  fashion  to  the  OH*  and  NO2*  radicals. 
Equation  12  (Moreno  and  Pryor  1992).  Figure  2  A  &  B  are  results  of  recent  experiments  using 
EPR  and  spin  trapping  (Carmichael  and  Steel-Goodwin  1994).  They  show  the  decomposition  of 
perojqmitrous  acid  (ONOOH)  formed  in  the  reaction  between  H2O2  and  NO2*,  Equation  9 
(Carmichael  and  Steel-Goodwin  1994).  Figure  2  A  is  the  EPR  spectrum  of  the  DMPO-OH  adduct 
(1:2:2: 1  quartet)  superimposed  on  a  triplet  of  triplets  originating  possibly  from  an  N02-like 
adduct  (Carmichael  et  al.  1993). 
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Figure!  EPR/soin  tranning  of  decomposition  of  ONOOH  formed  in  the  reaction  of 
hydrogen  peroxide  and  nitrite.  (A’).  The  EPR  spectrum  of  the  PMPO-OH  adduct.  The 
EPR  spectrum  of  the  MNP-NHOH  adduct 

Figure  2B  shows  MNP-NHOH.  The  formation  of  an  hydrojgrlamine  is  consistent  with  the 
known  decomposition  of  organonitro  compounds  (March  1972,  House  1972).  As  the  study  of 
the  decomposition  products  of  ADN  following  y-irradiation  show  the  presence  of  RNMs,  toxicity 
experiments  of  this  chemical  in  animal  models  should  focus  on  nitrogen-centered  free  radical 
induced  pathological  changes.  A  symposium  on  biological  effects  of  NOa'  sponsored  by  the 
Walter  Reed  Army  Institute  of  Research  (WRAIR,  1993)  can  provide  background  for  studies  on 
the  biolo^cal  effects  of  ADN.  Chemical  studies  using  EPR/spin  trapping,  planned  to  determine 
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these  predicted  equations  for  ADN  decomposition,  were  presented  at  the  International 
Symposium  for  Free  Radical  Research,  Sydney,  Australia  in  November, 1994  (Carmichael  and 
Steel-Goodwin  1994). 
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